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THE BLOOD PICTURE OF NORMAL LABORATORY
ANIMALS*
ROBERT A. SCARBOROUGH
THE DOG
I. Method of obtaining blood. The blood may best be obtained from
the marginal ear vein, as in the rabbit. The hair should be shaved
from a small area and an incision made, preferably with a sharp
scalpel. It is usually necessary to strap the animal to an animal
board, but after a little training most dogs submit with very little
resistance.
II. Description of the red blood cells. The red blood cells are
round, biconcave discs, rather pale, often appearing as ring forms.
There is considerable anisocytosis. Polychromatophilia is not com-
mon, and there is no punctation (Klieneberger and Carl281).
Nucleation. Normoblasts are normally present in small num-
bers in the peripheral blood of the dog (Schittenhelm, Weichardt,
and Grisshammer498, Klieneberger and Carl281, Drinker, Drinker,
and Lund145, Corsy'-03, and Timofejewsky566). Burnett and
Traum81 found them present in 50 per cent of all dogs examined,
varying from o to 143 per cu. mm. of blood. Drinker, Drinker, and
Kreutzmann'43 found an average of 227 per cu. mm. in 26 dogs
examined, with 70 per cent ofdogs showing some. Dawson'19 gives
the normal number as ranging from 22 to 56o per cu. mm. Leake
and Leake309 find from i to 2 per cent of the red cells nucleated.
The normoblasts are usually the same size as the normocytes,
being occasionally somewhat larger, with a pyknotic, centrally placed
nucleus.
Reticulation. There is approximately the same degree of reticu-
lation in the erythrocytes of dogs as exists in the cells of man. Mus-
serand Krumbhaar395 396 give the normal range as from o to 1.4 per
cent of total number of red cells, while Krumbhaar289 finds o.6 per
cent to be the average.
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Size. The average size of the red cells is 7.0oL, with a usual
range of from 6'to 8j. A table showing the average sizes found by
various investigators follows:
Berchon & Perrier29
Corsyl08
Dawson""'
Formad175
Friedberg179
Goodall194
Gulliver204
Hayem216
Ilberg249
Average
6.6,u
7.2
7.0
7.0
7.0
7.17
7.2
Maximum
8.o
8.o
8.o
9.0
7.2
Minimum
7.-01
6.o
5.4
6.o
Klieneberger & Carl28" 6.8 7.0 6.4
Lenze314 7.65 8.5 5.9
Magnan39 7.0
Manassein844 6.95
Schauman & Rosenqvist492 6.90
Schmidt, C.'03 7.0 7.4 6.6
Schmidt, H.504 6.4 6.6 5.8
Schmidt, P. 60 6.8 7.0 6.6
Sussdorf551 7.3
Vierordt580 7.3
Walker585 7.3
Average: 7.0
III. Enumeration of red blood corpuscles. Normal values given
by different authorities vary considerably. The average of 671
counts by 7I investigators is 7,220,000 per cu. mm., with a normal
range of about 5,500,000 to 8,ooo,ooo. The accompanying table
gives the values reported in the literature.
ERYTHROCYTES
Authority
Afanassiew
Asher & Vogel
Bizzozero
Blumenthal & Morawitz
(4)
(I 5)
(45)
(49)
8.o 8.8
5.8 6.8
5.0 5.2
5.4 6.o
.; u 11.:
7.2 4 4
5.0 34 4
4.8 2 2
5.0 3 3
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Authority
Breuer & Seiller (56) 7.0 - normal
Brodin, et al. (6i) 7.0 - 6i 6i
Brodin et al. (62) 6.9 8.o 6.o normal
Bucalossi (64) 6.9 8.o 6.3 7 7
Buerker, et al. (75) 4.2 4.2 4.1 3 3
Burket (76) 7.8 8.4 7.2 I2 2
Burnett (80) 6.o 8.o 5.0 normal
Burnett & Traum (82) 6.o 6.6 5.7 II II
Busch & Van Bergen (85) 6.2 8.o 4.2 20 20
Corsy (103) 6.5 8.9 4.1 normal
Cramer (107) 4.7 - normal
Danilewsky & Selensky (I15) 4.5 5.8 3.9 30 8
David (117) 7.8 - I I
Dawson (119) 7.2 8.5 6.3 15+ IS
Drinker et al. (143) 7.5 8.6 5.7 7 7
Drinker et al. (144) 6.4 8.8 5.0 4 4
Drinker et al. (145) 6.9 8.o 4.7 4 4
Fua (I83) 4.4 4.8 4.0 6 6
Furno (i85) 5.5 5.8 4.5 14 14
Grigorescu (198) 5.2 -- 4 4
Goodall (.94) 5.6 5.5 4.8 normal
Hayem (zI6) 6.7 - many
Hooper & Whipple (238) 5-4 7.8 5.4 8 4
H{inerfauth (243) 7.4 8.I 6.6 7 6
Jawein (253) 6.3 9.0 5.0 9 9
Klieneberger & Carl (281) 7.3 normal
Krumbhaar & Chanutin (290) 7.0 7.2 6.8 2 2
Krumbhaar & Musser (291) 5.5 5.7 5.3 2 2
Krumbhaar et al. (294) 5.6 6.5 5.2 7 7
Kuhl (295) 6.6 7.7 5.4 I0 I0
Lamson (301) 73 8.o 6. I 8 8
Lapicque (304) 7.0 - normal
Laudenbach (305, 306) 5.6 7.7 4-3 21 7
Leake (308) 1.9 7.2 6.5 3 3
Leake & Leake (309) 6.9 7.2 6.5 6 3
iLinser & Helber (327) 7.4 - - I I
Lyon (335) 5.4 5.6 5.2 35 35
Lyon (336) 7.4 8.2 7.0 normal
Malassez & Picard (343) 5.0 5.5 4.2 3 3
Mann (348) 5.8 1 -YALE JOURNAL OF BIOLOGY AND MEDICINE
A athority
Marloff (350) 8.2 -- I0 I0
6.7 - I0 10
Mced & Gasser (359) 6.9 8.8 4.4 Io 10
Mever (363) 5.8 -- normal
Mezincescu (365) 5.7 7.7 4.' 4 4
Mosse & Rothmann (378) 6.6 - - 3 3
Miiller & Iszard (388-) 4.6 - I I
Musser (392) 6.5 4.5 normal
Musser & Krumbhaar (395) 5.3 5.6 4.9 7 7
Musser & Krumbhaar (396) 6.o 7.8 4.6 48 46
Nassau (399) 6.4 7.3 5.4 35 35
Nelson (40 I) 5.6 5.9 5.2 2 2
Nicholas & Dumoulin (407) 5.5 - 7 2
Otto (421) 6.o - 24 24
Paton, et al. (4.3I) 5.3 5.6 5.0 2 2
7.4 7.5 7.2 2 2
Pearce, et al. (432) 5.9 6.6 5.2 7 7
Pearce, et al. (433) 6.6 7.9 5.5 36 20
Pearce & Peet (434) 6.; - -
Pearce & Pepper (435) 6.o 6.9 5.0 5 5
Reckzeh (450) 7.0 9.0 4.0 normal
Rieder (460) 7.3 - normal
Shauman & Rosenqvist (492) 5.6 6.5 5.0 3 3
Schittenhelm et al. (498) 5.8 - 25 25
Schtschukin (509) 6.o 6.5 5.5 normal
Sherrington (530) 5.6 - 6 6
Stoltzing (545 546) 5.0 6.o 4.0 Ii II
Tallqvist (556) 6.6 - 4 4
Vierordt (579) 4.4 4.6 4.2 2 2
Voss (584) 5.7 6.7 4.8 2 2
Welcker (6oo) 4.6 - normal
Wells & Sutton (6o5) 6.7 - normal
Wetzl (607) 6.5 8.i 4.8 normal
Whipple & Hooper (6o8) 6.9 7.6 5.7 5 4
Whipple et al. (6io) 7.2 8.7 6.o 12 I2
Whipple & Robscheit (6ii) 8.4 uI.8 6.9 6 6
Worm-Muiller (6I9) 6.4 - I I
Zenoni (624) 6.z normal
Average 7.2
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IV. Physiological variations of the red blood corpuscles. The dog
is an animal subject to a large number of diseases, and frequently
harbors intestinal parasites. There are considerable differences in
the blood findings in apparently healthy animals. Klieneberger and
Carl"8' find a variation of 33 per cent in the red blood cells, of 50
per cent in hemoglobin, and of IOO per cent in the white blood cells.
Age. The number of erythrocytes increases slightly with age
until adult life is reached. Stoltzing545 finds the red count to be
I.5 million higher in adults than in pups a few weeks old. Stock-
man and Grieg5" found an even greater difference.
Sex. The male has a somewhat higher number of red cells than
has the female (Otto421, Holz237,Lyon336). Kuhl295 found slightly
higher counts in the females in ten animals examined.
Alirnentation has no noticeable effect on the erythrocytic con-
tent of the blood of dogs. A moderately long period of starvation
maycause the count to increase by 500,000 (Nelson401).
Environment. Dogs are not as susceptible as are rabbits to en-
vironmental conditions, but poor hygienic conditions undoubtedly
influence the erythrocytic count to some extent.
Breed. There is a tendency to anemia in dogs of improved and
delicate breeds (Friedberger and Fr6hner"80).
Emotional stimuli. Fright, pain, etc., cause a moderate in-
crease in the number of red blood cells.
Asphyxia of any type-high altitude, exercise, etc.,-will cause
a slight increase in the number of red cells.
Anesthetization. Etherization, properly performed, does not
raise the erythrocyte count (Mann348, Lamson301), but some strug-
gling is almost unavoidable, and Lamson found, in twelve cases, an
increase of 1.3 million red cells following etherization.
Pregnancy causes a slight diminution in the number of normo-
cytes (Welcker 600).
Castration is without influence (Liitje333).
V. Hemoglobin content. The hemoglobin content of the blood is
high, usually ranging between go and IOO per cent by the Sahli
method. Following is a table of the values given in the literature.
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HEMOGLOBIN
Authority
Asher & Dubois ( 4)
Blumenthal &
-Morawitz (49)
Breuer & Seiller (56)
Bucalossi (64)
Buerker, et al. (75)
Burkett (76)
Burnett (8o)
Burnett &
Traum
Dallwig, et
David
Dawson
Fritsch
Furno
Goodall
t .
t cz .
m{ > % :2; Technic
72 78 t8 34 4 Sahli.
100
17.2 -
I1.4
84 88 8o
1 90 104 55
3 3
normal
7 7
g. per IOO CC. blood.
3 3 g. per ioo Cc. blood, Hiuf-
ner's spectrophotometer.
12 2 Sahli.
normal
(8i) 90 io8 77 I I II Gower.
al (II4.) io.6 I I.8 10.2 4 4 g. per I00cc. blood. Ear
blood. Fleischl-Miescher.
(1I7) 86 - I i Sahli.
( I9) 75 98 59 25 17 Ear blood. Fleischl.
(i8i) i5.8 -- - 0 IO g. per I00 cc. blood.
(I85) 88 IIO 62 I4 I4 Sahli.
(194) 90 110 70 normal
Hooper &
Whipple (238) 103
Hooper &
Whipple (239) 90
Klieneberger &
Carl (281) 94
Krumbhaar &
Chanutin (290) 96
Krumbhaar &
Musser (29I) I02
Krumbhaar.
et al. (294) 94
Kuhl (295) I5.8
Lauden-
bach (305, 306)
Leake &
Leake (309)
Linser &
Helber (327)
129
0o6
87 9 4
86 10 4
102 51
105 86
6 6 Sahli.
5 5 Newcomer.
- 2 2
IO8 90
19.3 12.9
13.9 I177 9.7
96 I05 91
7
I0
7 Newcomer.
IO g. per IOO cc. blood, Hiuf-
ner's spectrophotometer.
7 7 g. per IOO cc. blood. Spec-
trophotometer of Glan.
6 3 Femoral artery. Palmer.
I00 - - I I Sahli.
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Authority
Mann (348) 70
Meyer (363) 63
Mosse &
Rothmann (378) 125
Musser &
Krumbhaar (394) 94 105 80
Musser &
Krumbhaar
(395, 396) 98 IIO 8I
Nicholas &
Dumoulin (407) 13.2 - -
Otto (421) 14 i6 I2.
Paton &
Goodall (430) 90
Paton, et al. (431) 80 100 6o
Pearce, et al. (432) 98 io8 83
Pearce, et al. (433) 98 II4 85
Pearce & Peet (434) I0 - -
Pearce &
Pepper (435) IOI IO 85
Reckzeh (450) 110
Rieder (460) 17 - -
Schauman &
Rosenqvist (492) 75 90 68
Sherrington (530) 58
Subbotin (549) 11.5 13.8 9.I
Tallqvist (556) 57
Voss (584) 88 IOO 75
Wetzl (607) 103 - 55
Whipple &
Hooper (608) I13 I31 103
Whipple &
Iflooper (609) IOI I19 82
Whipple et al. (6Io) Iii 133 96
Whipple &
Robscheit (6ii) 124 135 io6
Zenoni (624) 97
o o
I I
normal
Techkc
3 3
7 7
48 48 Fleischl.
II 2 Malassez colorimeter.
I 24 24 g. per ioo cc. blood, HIlf-
ner's spectrophotometer.
2 2 Oliver.
14 4 Oliver.
7 7
26 20
I I
5 5
normal
normal
3 3 Fleischl.
6 6
normal g. per ioocc. blood, Prey-
er's spectrophotometer.
2 2 Fleischl-Miescher.
2 2
normal Fleischl.
i6 4 Sahli.
13 6 Sahli.
12 12 Sahli.
6 6 Palmer.
normal Bizzozero.
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VI. Physiological variations in hemoglobin. The percentage of
hemoglobin is considerably lower in pups than in the adult. There
is some diminution also in old age (Paton and Goodall430, Stock-
man and Grieg544, Bucalossi64). No conclusions can be reached about
the difference in the sexes, since Otto421 reports higher percentages
in males, while Kuhl295 found the female to have more hemoglobin
than the male.
VII. Description of the white blood corpuscles.
Polymorphonuclear neutrophils. These cells vary considerably
in size, ranging from 8 to I5U in diameter. The nucleus, sharply
defined, occupies only a small portion of the cell, appearing as a
twisted coil or irregular spiral, sometimes S-shaped, made up of
small balls of dark blue chromatin, arranged without order, or ap-
pearing coarsely reticulated. There are often clear spaces between
the coils ofthe nucleus. Rarely are these cells polynuclear. Corsy'03
finds the Arneth count to be normally 372, with the following
division into classes:
Class I II III IV V VI
I% I7% 32% 28% 22% 5%
Some of the earlier workers believed that the protoplasm mignt
be homogeneous, or might contain a varying number of fine granules
resembling the neutrophilic granules of man (Busch and Van Ber-
gen85, Dawson119, and others). The majority of investigators, how-
ever, consider that granules are universally present, similar in mor-
phology to those in human neutrophils, but more difficult to stain.
The protoplasm is very weakly neutrophilic.
Lymphocytes. These cells resemble those of man. They are from
6 to iott in diameter. The nucleus is rounded, occasionally oval or,
rarely, indented. It is sharply defined and pyknotic. There is a
small ring of surrounding homogeneous protoplasm, which some-
times contains a few distinct azurophile granules.
Large mononuclear and transitional cells. These are analogous to
those in human blood. Thev are the largest cell in the blood of
dogs, ranging from 8 to I8gt. The eccentrically placed nucleus is
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commonly bean-shaped, but may be rounded or lunate. There is an
abundance of homogeneous protoplasm, weakly basophilic, with,
usually, a few large azurophilic granules scattered throughout.
Polymorphonuclear eosinophils, called "oxyphils" by Dawson'19
and Tallqvist and von Willebrandt555, "aurantiophils" by Hirsch-
feld232. These cells are usually slightly larger than the neutrophils,
ranging from 8 to i6[t. The nucleus, irregular in shape, occupies
about one-third of the cell. It is not as well-defined as that of the
neutrophil. The protoplasmic granules are large, varying in size,
shape, and number. They are usually round, but may be oval, rod-
shaped, or irregular. The granules are not very numerous, the num-
ber varying. Sherrington'30 has found from 30 to 6o in each cell.
A distinctive feature of dog's blood is the relatively weak affinity of
the eosinophilic granules for acid stains. They stain poorly with
WATright's stain.
Polymorphonuclear basophils are similar to those of man. They
are from 8 to I5[ in diameter, with a very vesicular nucleus, occupy-
ingfrom one-half to two-thirds of the cell. The protoplasm contains
fine, rather abundant, metachromatic basophilic granules, varying
somewhat in size, commonly round, but sometimes bacillar or len-
ticular.
Myelocytes. Schifone495 regards an occasional neutrophilic
myelocyte as a normal finding.
VIII. Enumeration of the white blood corpuscles. The normal
total leukocytic count is very variable. The average of 788 counts
by 67 investigators is I1,840 per cu. mm., the range of normal
counts being from about 6,ooo to 20,000. The differential find-
ings of different workers are all quite similar. The average per-
centages found, with approximate range of normal values are:
Polymorphonuclear neutrophils 69.0 o (60-75)
Lymphocytes 2o0.o0 (10-30)
Large mononuclears and transitionals 6.I %o (2-I2)
Eosinophils 5.0 % (2-I0)
Basophils o.66%o (0-2)
'rhe following table gives the-values found by 67 investigators.
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IX. Physiological variations of the white blood cells. There is
variability in the total leukocytic count, in apparently normal ani-
mals, amounting sometimes to as much as IOO per cent.
Age. In young pups a few weeks old the total leukocytic count
is approximately double that in the normal adult. There is a greater
proportion of lymphocytes and fewer polymorphonuclears. Only
Corsyv'0 maintains that the number of lymphocytes is relatively less
and the number of polymorphonuclears relatively greater than in
the adult.
Sex. Kuhl295 found that males have a higher total leukocytic
count (2,000 to 4,000) than have females, with a similar differential
counts.
Pregnancy. Corsy'03, and Meyer363 have both found a
slight increase in lymphocytes, with a corresponding decrease in
polymorphonuclears in pregnant dogs.
Alimentation. There is a definite digestive leukocytosis in dogs.
Goodall'94 has found a fairly regular rise in the total number of
leukocytes to a maximum at four hours after feeding, with an in-
crease in the relative number of lvmphocytes. Pohl438 considers
the maximum to be reached three hours after feeding, when an
increase of 78 per cent has occurred. Schultz511 finds a rise
of from IOO to I o per cent in 45 minutes, and lasting several hours.
Nicholas and Cot404 note a slight lymphocytosis in digestive leu-
kocytosis. Corsyl03 states that there is sometimes a slight poly-
nucleosis, sometimes a slight mononucleosis. The return to normal
is gradual, requiring several hours.
Anesthetization. Mann348 has made a complete and careful study
of the effects of ether anesthesia on the blood of dogs. He considers
that although the preliminary excitement, struggling, and asphyxia
have an effect in raising the leukocytic count in anesthesia, there is,
nevertheless, a definite etherization leukocytosis, which may begin
within one-half to four hours. The increase may be very slight, but
usually by the end of the fourth hour the number has doubled.
Usually, following etherization, a decrease does not begin for sev-
eral hlours, and the count is still above normal 24 hours after. There
may be an actual increase of all types of leukocvtes, but the poly-
morphonuclears are usually the only form showing a relative in-
crease. The lymphocytes are decreased relatively.
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Breed. There is no essential difference, either in total or dif-
ferential counts in dogs of various breeds.
X. Platelets. Bizzozero46 describes the platelets of the dog as
large and distinct, many times of such a stretched-out, oval form
that their length is greater than the average diameter of the eryth-
rocyte. Klieneberger and Carl28' state that they show well-
marked basophilia, with a more deeply-staining inner zone.
Following are the normal counts given in the literature:
Afanassiew (4) 36i,ooo 3 animals
Athanasiu (i6) 267,000 normal
Bizzozero (46) 305,000 2 animals
Kuhl (295) relativelv few
Linser & Helber (327) 432,000 I animal
Mever (363) 36I,ooo normal
XI. Coagulation time varies from two to eight minutes. The fol-
lowing normals were found in the literature:
Amendt (7) 2 2 minutes
Delafond (122) 5 to 8 "
Parey (428) 4to8
Rollet (47I) I to 3 "
XII. Resistance of the red blood cells. Musser and Krumbhaar
394, 395, 396 found beginning hemolysis to occur with 0.46 per cent
saline solution, and complete hemolysis at 0.33 per cent.
XIII. Blood volume. The average blood volume found by vari-
ous investigators is 9.2 per cent of the bodv weight. The following
table gives the values found in the literature:
Brodin (62) 6.7%o of body weight
Corsy (103) I4.2%"0
CC C c
Heissler (224) 9.0% CC C cc
Mann (347) 7.7%
c" " "
Meed & Gasser (359) 9.7% " c c
Nelson (40I) 6.7%o
CC cc CC
Whipple (6io, 6i I) 10.9% CC c c
XIV. The specific gravity is about i.06o. The following normals
are given:
Brodin (62) 1.0594
Rieder (460) I.063
Sherrington (530) I.0588
Sussdorf (551) i.o6o
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